Abstract. The aim of the study was to assess the impact of season of birth and breeding of boars of Polish Landrace breed on their insemination efficiency. The study material consisted of 35 589 ejaculates collected between 1994-2013 from 330 of Polish Landrace breed boars farmed in Małopolska Biotechnology Centre, the Examination Station of Boars in Czermin. Ejaculates were marked with: volume of ejaculate, without spermatozoid fraction, percentage of progressive spermatozoids, concentration o spermatozoids, the general number of spermatozoids in the ejaculate, number of insemination doses and value of one ejaculate. The conducted studies demonstrate a significant impact of interaction between the season of birth and the age of boar in the process of development of all the physical parameters of semen in Polish Landrace breed boars. The studies have shown that the highest reproduction potential, demonstrated with the number of insemination doses collected (26.96), was found in the oldest boars born during summer season. The results of studies indicate that quantitative and qualitative parameters of semen of the Polish Landrace breed boars mainly depend on their age. The highest variability affecting the characteristics of ejaculates, resulting from the effect of boars' age, was found for the ejaculate volume of (86.14%), whereas impact of birth season was marked by the percentage of spermatozoids with inferior changes (61.64% of the variability).
INTRODUCTION
The optimal level of utilization of the productive potential of livestock is a prerequisite for its efficient use regardless of realized production course. The most important is the proper use of the potential of animals in activities related to the conduct of reproduction and especially in the production of biological material used for insemination. In addition, in the use of breeding boars the proper organization of the production and distribution is a necessity which is associated with a very short shelf life of semen for insemination of sows. Previous attempts of longterm preservation of boar sperm have not given satisfactory results associated with their implementation into practice. Consequently the insemination of sows is subjected to a diluted, short preserved liquid seed, ready for 7-10 days to be used only [Milewska 2007 ].
These conditions significantly increase operating costs of insemination centres. One of the ways of cost reduction is to optimize the management of important factors of produced sperm parameters. The previous studies [Wolf and Smital 2009 , Szostak and Sarzyńska 2010 , Kunowska-Slósarz and Makowska 2011 , Wilczyńska et al. 2013 , Knecht et al. 2014b have shown that the semen collected from boars insemination stations is highly variable both in terms of quantitative parameters related to its volume and also qualitative parameters depending on the characteristics of spermatozoids and their concentration. The major factors determining semen parameters are breed and the genotype. Boars of individual races or their interracial hybrids exhibit differences in ejaculate volume, sperm concentration and its motility [Brucka-Jastrzębska et al. 2008 , Wilczyńska et al. 2013 . These semen parameters also affect the RYR1 gene polymorphism [Kmieć et al. 2003, Szczepankiewicz and Lechniak 2005] . Better semen quality parameters, expressed in volume of ejaculate, share of live sperm and number of insemination doses obtained are specific for boars with genotype TT [Kmieć et al. 2003 ]. The studies also showed the influence of physiological factors including the age-related. The most of the authors agree that the optimum reproductive performance of male domestic pig falls on the age of two-three years [Kondracki et al. 2000 , Szostak 2003 ]. In addition, sperm quality is determined by environmental factors, among which particularly important is season when boars are used for breeding [Milewska and Falkowski 2004 , Pokrywka and Ruda 2004 , Banaszewska et al. 2007 , Adamiak et al. 2010 , Kunowska-Slósarz and Makowska 2011 , Knecht et al. 2013 , Marchev and Szostak 2013 , Wilczyńska et al. 2013 , Knecht et al. 2014b . Seasonal fluctuations are primarily reflected by reduction of libido of breeding boars in the summer, mainly due to the thermal conditions. It was also shown that individual characteristics of boars have an impact on semen parameters [Muczyńska et al. 2010, Banaszewska and Kondracki 2012] .
The recent studies [Owsianny et al. 2004 , Pokrywka et al. 2009 , Pokrywka and Tereszkiewicz 2011 , Pokrywka et al. 2014 , Knecht et al. 2014a ] also attempt to determine the effect of season of birth boars. So far, it was found that boars born in the winter season have a higher reproductive potential than ones born in spring [Owsianny et al. 2004] . Similar relations have been by shown Knecht et al. [2014a] -they additionally point to better results of using breeding boars born in the summer. These observations were confirmed for both pure bred boars [Pokrywka et al. 2009 , Pokrywka et al. 2014 as well as for crossbred boars [Pokrywka and Tereszkiewicz 2011] . The results of the studies indicate the multiple and intersectional determinants of boars' reproductive potential, most of which is explained in the scientific literature. However, a little has been done to determine the effects associated with the interaction of diverse factors that have impact on the results of the use of breeding boars.
The study attempted to estimate the impact of season of birth and age of boars on the value of the basic physical parameters and quality of insemination boars' semen.
MATERIAL AND METHODS
The study material consisted of 35 589 ejaculates collected between 1994 and 2013 from 330 of Polish Landrace breed boars farmed in Małopolska Biotechnology Centre, the Examination Station of Boars in Czermin. Ejaculates were collected manually and were assessed according to the methodology used in Insemination Stations. Ejaculates were marked with: volume of ejaculate not including spermatozoid fraction (ml), percentage of progressive spermatozoids (%), concentration o spermatozoids (thous · mm -3 ), the general number of spermatozoids in the ejaculate (bilions), number of insemination doses (pieces) from one ejaculatecounted with use of SYSTEM SUL. Simultaneously the value of one of the one ejaculate was calculated by multiplication of the number of doses from one portion of sperm with its net price in 2013. For the morphological evaluation of sperm were used preparations coloured with nigrosin and eosin, which were evaluated by light microscopy. The sperm was separated to three groups -with regular shape, showing the major changes and inferior changes in accordance with the classification of Blom [1981] .
Parameters of ejaculates were analyzed statistically, taking into account the season of year of birth: spring (from March 22 to June 21), summer (from June 22 to September 21), fall (from September 22 to December 21), winter (from December 22 to March 21) and the same time the age of the boar at intervals, to 365 days, 366-730 days, 731-1095 days. The statistical analysis was performed basing on the calculated arithmetic means and standard deviations. In order to determine the differences between groups of two factors of variation (the season of birth, age boar) was used a two factorial analysis of variance ANOVA / MANOVA for nonorthogonal system. Statistical deduction was conducted at two levels of significance P ≤ 0.01 and P ≤ 0.05 calculating the Least Significant Difference (LSD). For statistical calculations the Statistica (9.0) was used.
RESULTS AND DISCUSSION
Features of ejaculates obtained from boars born in different seasons with taking into account their age are summarized in (Table 1 ). The analysis of the ejaculate volume indicator has shown that the oldest boars born in summer had the highest value of this parameter. On the other hand the smallest volume of ejaculate was observed in youngest boars born in the spring. The authors [Kondracki et al. 2000 , Szostak 2003 , Smital 2009 , Szostak and Przykaza 2010 report that the major factor that influences the volume of produced ejaculate is the age of the boar. It is believed that up to the age of about 20 months ejaculates show a dynamic trend of volume growth which is then stabilizing.
The effect of age of the boar on ejaculate volume was confirmed in the presented studies. It has been shown that this was the factor with the greatest impact on the amount of semen produced assessed of Polish Landrace breed boars (Fig. 2) . With ageing boars the volume of produced ejaculates was increasing, however the particularly dynamic growth in the volume of produced ejaculates was reported in boars born in the spring. The influence of season of birth on the volume of ejaculate was less visible however it is important to mention that in a group of youngest and two years old boars the smallest volume of ejaculate was obtained from males born in the spring, same time the largest, from boars born in autumn (Table 1) . It is worth noting that for young boars (aged less than one year) and those of two years old the largest volume of ejaculate respectively 236.19 ml and 268.50 ml was found in boars born in the autumn. According to Knecht et al. [2014a] season of birth of Polish Landrace breed boars considerably affects the volume of boar's semen. The authors found that significantly larger amounts of sperm were produced by boars born in the autumn season and the smallest amounts by the ones born in the winter season. In the previous studies [Pokrywka et al. 2014 ] carried out on boars of Polish Landrace breed, it was established that ejaculates of statistically significantly greater volume were obtained from boars born in summer and autumn seasons.
According to the recommendations the percentage of progressive sperm in the semen of boars should not be lower than 60%. The study shows that the semen of all groups meets this requirement. A stable, and the highest (over 68%) participation of progressive sperm was found in boars born in summer season, regardless of age (Table 1) . Similar results were found in other studies [Pokrywka et al. 2014] in which it was found that Polish Landrace breed boars born in the summer season characterised with a higher proportion of progressive sperm when compared to boars born in other seasons. Simultaneously the greatest variability of this parameter was observed between the age groups of boars born in the spring season. It was also noted that with age the value of this parameter was statistically highly reduced. Similar dependence was observed in boars born in the winter season. The further analysis shows that there was observed a reduction of the concentration of spermatozoa parameter is closely connected with age. This occurrence was con- firmed in three birth seasons. Only the boars born in winter characterized with the increase of sperm concentration in the second year of age (Table 1) .
The studies have shown that with age the total number of spermatozoa in the ejaculate increased, which was confirmed in all birth seasons. However the most preferred value of this feature was found in boars born in summer and autumn. The highest total number of sperm in the ejaculate in group of younger boars (less than one year and two-years old) was recorded in the autumn season of birth. The average values of this feature were significantly more valuable in comparison with boars of the same age, but born at other seasons of the year. Influence of season of birth on the overall count of sperm in the ejaculate of Polish Landrace breed boars confirmed Knecht et al. [2014a] where according to their studies the most favourable value of this parameter was observed in boars born during the summer season.
Focusing on the number of insemination doses being produced as measurable indicator of insemination with use of breeding boars in the studies [Pokrywka et al. 2009, Pokrywka and Tereszkiewicz 2011] it has been shown that it is possible to produce more than 25 servings of semen from one ejaculate collected from boars after their first year of life and were born in the summer, autumn and winter season. It is worth noting that these boars sustained a high production results expressed in the number of insemination doses, even after passing two years of their age. In this period of life it was possible to get more than 26 insemination doses form their semen. In the group of younger boars (less than one year old) the preferred level of this parameter was found in boars born in autumn and winter seasons. From these subjects it was obtained over 23 portions of the seed from one ejaculate (Table 1) . Taking into consideration the number of servings produced as the most reliable criterion for the technical-economic assessment of the effects of the use of breeding boars in insemination stations it should be recommended to use boars born in autumn and winter seasons.
These observations were confirmed with use of the value criterion of produced insemination doses from a single ejaculate, as a parameter which is derived from the number of servings of sperm (Fig. 1) .
This index was in the range from 431 PLN (boars born in the spring under the age of one year) to 539 PLN (boars born in the summer at the age of two to three years). It should be emphasized that the high value of semen was obtained from mature boars that were older than two years and born in the summer, autumn or winter seasons. Given the rate of insemination doses produced, the worst results were found in boars born in the spring season. These results correspond with previously published results of own studies [Pokrywka et al. 2014] .
According Kondracki and Wysokiński [2005] semen of young boars as well as old ones, over three years, has a worse morphological image with stronger participation of sperm with major and inferior changes. Szostak [2003] also states that ejaculates with good morphological characteristics are obtained between one and three years of age of boars. In other studies [Szostak and Buryś 2011] it was reported that the age of boar does not affect the quality of semen, expressed as percentage of spermatozoa with morphological changes. In contrast Pokrywka et al. [2014] obtained the most favourable morphological sperm which was collected from boars born in the summer. In our study, these results were confirmed only partially. It has been shown that the semen of the youngest boars -those aged less than one year exhibited a very low proportion of sperm with abnormal structure. However, it should be noted that in some cases in the group of youngest boars the fraction of spermatozoa with morphological changes was even smaller than in groups of older boars ( Table 2) . The most preferred morphological image of sperm was found in boars aged less than one year, born in the summer season. It should also be emphasized that morphological image of sperm from all evaluated groups of boars was correct or even very good, as both the percentage of sperm with major as well as ones with inferior changes was low and did not exceed the recommended values. According to Blom [1981] the acceptable maximum share of spermatozoa with major changes is 15%, while the interior changes 10-15%. Studies have shown that the quantitative -quantitative parameters of Polish Landrace breed boar's semen depended majorly on the age of boars (Fig. 2) . The variability coming from the effects of age of boars accounted for 10.96% (percentage of sperm with inferior changes) to 86.14% (volume of ejaculate).
The consequence of age of boar very clearly (86.11% of the variance) affected the total number of sperm in the ejaculate and also the number of insemination doses obtained from one the ejaculate (84.66% of the variance). In contrast, the influence of season of birth influenced the parameters as: the percentage of progressive sperm (30.53%), the percentage of spermatozoa with major changes (36.99) and the percentage of sperm with inferior changes (61.64%). Season of birth in a greater extent (by over 60%) than the age boar shaped measure of the percentage of sperm with inferior changes (Fig. 2) .
CONCLUSIONS
The study demonstrates that there a exists a statistically significant interaction between season of birth and age on the features of ejaculates of Polish Landrace breed boars. As it was presented, the highest procreative potential, expressed with the number of insemination doses (26.96) collected was found in the oldest boars born in the summer season.
What is more, the significant differences between the results of breeding efficiency associated with the season of birth and the age of boar indicate that these factors must be taken into account when choosing males for stations of insemination of sows.
WPŁYW SEZONU URODZENIA I WIEKU KNURÓW RASY POLSKA BIAŁA ZWISŁOUCHA NA WYNIKI EKSPLOATACJI ROZPŁODOWEJ Streszczenie. Celem badań była ocena wpływu sezonu urodzenia i wieku knurów rasy polskiej białej zwisłouchej na wyniki rozrodu. Materiał do badań stanowiło 35 589 ejakulatów pozyskanych w latach 1994-2013 od 330 knurów rasy polska biała zwisło-ucha użytkowanych w Małopolskim Centrum Biotechniki, Stacja Eksploatacji Knurów w Czerminie. Pozyskane materiały oceniano na podstawie: objętości ejakulatu bez frakcji galaretowatej, odsetka plemników o ruchu postępowym, koncentracji plemników, ogólnej liczby plemników w ejakulacie, liczby dawek inseminacyjnych oraz ich wartość uzyskanej z jednego ejakulatu. W badaniach stwierdzono statystycznie wysoko istotne współdziałanie sezonu urodzenia i wieku na cechy nasienia knurów rasy polskiej białej zwisłouchej. Wykazano,że najwyższym potencjałem reprodukcyjnym wyrażonym liczbą pozyskanych dawek inseminacyjnych (26,96), charakteryzowały się knury najstarsze urodzone w sezonie letnim. W badaniach wykazano,że parametry ilościowo jakościowe nasienia knurów rasy pbz uzależnione były głównie od wieku knurów. Najwyższą zmienność wpływającą na cechy ejakulatów wynikającą z wpływu wieku knurów stwierdzono dla objętość ejakulatów (86,14%), natomiast wpływ sezonu urodzenia zaznaczył się dla odsetka plemników ze zmianami podrzęd-nymi (61,64% zmienności).
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